Laser-driven compression experiments have improved over the past 20 years from very exciting (but with large uncertainty) stress-density equation of state (EOS) experiments to diverse, highly-accurate shock and ramp-compression experiments. I will briefly review a range of high-energy density (HED) EOS measurements now possible on large lasers including Hugoniot measurements above 50 (even 500 Mbar) and recent nearly-isentropic absolute EOS measurements to 5-30 Mbar with ~1% accuracy. Laser-pulse shaping allows us to supplement traditional HED measurements of stress-density with shock reflectivity, temperature, sound speed, Gruneisen parameter, and specific heat, as well as crystal structure, and phase transition measurements on shocked, multi-shocked, and ramp-compressed materials. Dynamic x-ray diffraction has become routine at large lasers like Omega and NIF. I will present an overview of our diffraction results using these lasers on a wide variety of materials at pressures nearing 20 Mbar. In particular, we are studying solid-solid, solid-liquid, and liquid-solid phase transitions, the time-dependent response of phase transitions, the use of textural information to gain insight into mechanisms, and measurements of the Debye-Waller factor by diffraction and EXAFS.
